The adsorption of phenol and 4-nitrophenol from aqueous solutions by carbon blacks was studied. Particular attention was paid to the characterisation of the surface chemistry and ionisation of the carbon blacks by use of a simple carbon surface ionisation model, as well as the use of a normalised form of the Freundlich equation for the analysis of the adsorption isotherms. The results indicated that the solutes interact directly with the graphene layers and that the adsorption is sensitive to the π-electron density. Phenol has a weaker interaction and is more sensitive to the system conditions. In particular, it is more sensitive to oligomerisation under certain conditions. Comparison of the results with those previously reported for activated carbons with similar points of zero charge prepared from cork confirms the existence of a significant micropore-narrowing effect in the adsorption of organic solutes by activated carbons and which can lead to up to a doubling of the value of the Freundlich exponent, n F .
INTRODUCTION
A large amount of work has been published on the adsorption of phenolic and other organic compounds by activated carbons (Dabrowski et al. 2005; Mattson and Mark 1971; Moreno-Castilla 2004; Radovic et al. 2000) , including recent work published in this journal (Ania et al. 2007; Asadullah et al. 2006; Gad and Daifullah 2007; Lambrecht et al. 2007; Termoul et al. 2006; Valente Nabais et al. 2007; Zhang et al. 2006; Zou and Han 2001) . However, as a result of the complexity of the solid/solute/solvent system, there still remains much uncertainty over many aspects of the adsorption mechanism, such as the precise role of surface groups, the effect of solute solubility and ionisation, and the influence of pore size, amongst others. In principle, the complexity of the system could be decreased by carrying out complementary studies using nonporous carbon materials such as carbon blacks. For over 40 years this has been a standard procedure when considering gas-phase adsorption, where comparative methods such as the t-and α S -methods are amongst the most widely used procedures for analysing adsorption isotherms (Lippens and de Boer 1965; Setoyama et al. 1998; Sing 1969) . It is somewhat surprising therefore to find that comparatively little work on adsorption from dilute aqueous solutions by carbon blacks has been published so far (Asakawa and Ogino 1994; Fernández et al. 2003; Gómez-Serrano et al. 1994; González-Martin et al. 1991 Kamegawa et al. 2005; Király et al. 1996; Mahajan et al. 1980; Stoeckli et al. 2001) .
Hence, the objective of the work to be presented here was to obtain more information about the adsorption of two of the most commonly used phenolic solutes on well-characterised non-porous carbon blacks. The long term goal of the work is to obtain a base-line for comparison and which could help in the future with the interpretation of solute adsorption data obtained on activated carbon adsorbents. In order to obtain quantitative parameters, it was of particular interest to evaluate the applicability of the general framework of isotherm analysis, based on a normalised Freundlich equation, which has previously been discussed in detail as well as the applicability of a simple carbon surface ionisation model for estimating the surface acid and base strengths (Carrott et al. 1997 (Carrott et al. , 1998 . The results confirm in general terms the usefulness of these approaches.
EXPERIMENTAL SECTION

Materials
The adsorption of phenol (Aldrich, > 99%) and 4-nitrophenol (Aldrich, > 99%) at 298 K onto commercial carbon blacks before and after oxidation and at different pH values has been studied. The carbon blacks were N339 and N375 grades supplied by the Carbogal (Portugal) plant of Degussa. Portions of N339 and N375 were oxidised by heating in nitric acid for 3 h at 323 K. They were then washed with distilled water to constant pH and dried at 423 K. The oxidised samples are indicated below as N339ox and N375ox.
For the purposes of comparison, the results obtained with the carbon blacks are compared below with those obtained using activated carbons with similar points of zero charge prepared from cork. Some characteristic properties of cork-based activated carbons prepared by physical activation in CO 2 or steam are listed in Table 1 . More complete details of the preparation of these materials and the analysis of their aqueous-phase adsorption properties using different two-and three-parameter equations have been given previously ). 
Characterisation
Nitrogen adsorption at 77 K, after outgassing the samples at 573 K, was carried out using a CE Instruments Sorptomatic 1990 instrument. X-Ray diffraction (XRD) measurements were carried out on a Bruker AXS-D8 Advance powder diffractometer using Cu Kα radiation (40 kV, 30 mA), with a step size of 0.02 o (2θ) and 4 s per step. FT-IR spectra were recorded with a Perkin-Elmer Paragon 1000PC spectrophotometer, using the KBr disc method and employing a resolution of 4 cm -1 and 100 scans. Elemental analysis of C, H, N and S was carried out using a Eurovector EA elemental analyser. Oxygen was calculated by difference. The acid and base neutralisation capacities were determined by back-titrations after equilibrating the samples for 48 h at 298 K with excess 0.01 M HNO 3 and 0.01 M NaOH, respectively. It was not possible to measure the base neutralisation capacity for sample N375ox due to the very high stability of the carbon black dispersion in basic solution, which made it impossible to separate the solid from the aqueous phase.
The surface ionisation of the carbon blacks was characterised by measuring the pH of dispersions containing a known mass concentration of sample in 50 mᐉ of a solution which was 0.01 M in NaNO 3 and with the initial pH adjusted by adding appropriate amounts of hydrochloric acid or sodium hydroxide. For the determination of mass titrations, concentrations of 0, 0.5, 2, 4 and 7% (mass/volume) were used and the initial pH values of the solutions were ca. 3, 7 (0% and 7% only) and 10. For more precise estimation of the point of zero charge (pzc), concentrations of 7% were used and different initial pH values close to the pzc of the sample were tried. When the initial pH is equal to the pzc, the addition of the carbon black should not alter the pH value of the system.
Adsorption isotherms
For the determination of the adsorption isotherms, a fixed amount (ca. 0.1 g) of each carbon and 50 mᐉ of an aqueous solution of the phenolic compound at the desired concentration were placed into a 100 mᐉ stoppered Erlenmeyer flask under a nitrogen atmosphere to ensure anoxic conditions. All of the suspensions were shaken for 7 d at 298 K using a thermostatted shaker bath. This procedure was repeated for different pH values, viz. 3, 5 or 7 and 10, with the pH being adjusted by the addition of appropriate amounts of dilute nitric acid or dilute sodium hydroxide. After equilibration, the solutions were filtered and the amount of the phenolic compound present was measured using a Hitachi U-3010 UV-vis spectrophotometer at wavelengths of 399 nm and 287 nm for 4-nitrophenol and phenol, respectively. Determination of the concentration of each phenolic compound was made under pH conditions which ensured that only one form of the phenolic compound was present. Prior to the analysis of each series of solutions, calibration curves at the same wavelength and pH were determined.
A normalised form of the Freundlich equation, viz.:
(1)
where n ads is the amount adsorbed in mmol/g units, C e is the corresponding equilibrium concentration and S is the solubility in the same units as C e , was fitted to the solute adsorption isotherms . Values of 84.0 g/ᐉ and 15.6 g/ᐉ were used for the solubilities of phenol and 4-nitrophenol, respectively (Achard et al. 1996; Jaoui et al. 2002) . From the values of (2) with w ads and C e in units of mg/g and mg/ᐉ, respectively. As previously explained in detail, K F10 may be used as an estimate of the overall adsorption capacity (it is the adsorption when C e is 10% of the solubility), K Fg gives an estimate of the capacity to remove solutes from very dilute solutions (it is the adsorption when C e = 1 mg/ᐉ) and n F can be used as a comparative indicator of the adsorption affinity .
Estimates of the apparent molecular cross-sectional area, a m (nm 2 ), of the adsorbed solute molecules at a given adsorption, n ads (mmol/g), were calculated from the expression:
( 3) where A BET (m 2 /g) is the BET surface area of the solid.
RESULTS AND DISCUSSION
Textural and chemical characterisation of carbon blacks
The N 2 isotherms determined on the carbon blacks were of type II in the IUPAC classification. Application of the BET equation, with the assumption of the usual value of 0.162 nm 2 for the crosssectional area of the N 2 molecule, led to values of the specific surface area of 90 m 2 /g (C BET = 310) and 93 m 2 /g (C BET = 150) for N375 and N339, respectively.
The corresponding powder XRD patterns exhibited the two broad peaks characteristic of nongraphitised carbons at 2θ angles of ca. 25 o and 43 o , respectively. Application of the Bragg law gave a d 002 spacing of 0.36 nm. Similarly, application of the Debye-Scherrer equation gave values of L c ~ 1.74 nm and L a ~ 4.72 nm for the apparent microcrystallite height and width, respectively. These values correspond to microcrystallites of ca. six graphene layers in height [(L c /d 002 ) + 1] and 24 rings [L a /0.2, where 0.2 (nm) is the average of the C1-C2 and C1-C4 distances in aromatic rings] in width. There was no significant difference between the oxidised and non-oxidised samples. Figure 1 shows the FT-IR spectra of the carbon black samples considered. The most common functional groups found on carbon blacks are carboxyl and phenolic -OH groups (Bansal and Donnet 1993; González et al. 2003) . The former, which are often only present in low concentration, are identified by absorption bands which occur at 1740-1755 cm -1 [ν(C=O)] and 1400-1440 cm -1 [ν(O-H)]. These bands were not present in the FT-IR spectra of N339 and N375, thereby indicating the absence of carboxyl groups on these materials. The presence of phenolic -OH groups was confirmed in each case by the existence of a broad band at 3200-3800 cm -1 [ν(O-H)] and a shoulder at 1155 cm -1 [ν(C-O)]. A very strong band observed at 1255 cm -1 and also a weak one at 887 cm -1 may be due to the ν(C-O-C) vibration of ether groups, while a band observed at 1581 cm -1 is due to aromatic ring vibrations and may also be due to ν(C=O) vibrations. All of these bands were present in the spectra of both non-oxidised carbon blacks, but the phenolic -OH vibration at 3200-3800 cm -1 , in particular, was notably more intense for N375, suggesting a higher concentration of this weakly acid group on N375. Oxidation of N339 with nitric acid led to a richer FT-IR spectrum from the point of view of the number and intensity of the absorption bands. The spectrum of N339ox showed new bands that can be attributed to the formation of some carboxylic acid functional groups, namely in the region 1730-1750 cm -1 [ν(C=O)] and at 1397 cm -1 [ν(O-H)]. Also, the bands situated in the region between 3200 cm -1 and 3800 cm -1 showed an intensity increase when compared with the N339 spectrum. In conclusion, we may infer that the acidic behaviour of sample N339ox was mainly achieved through the formation of new functional groups, viz. carboxylic acid groups, and by an increase in the concentration of other weakly acidic functional groups already present in N339.
The results of the elemental analysis are given in Table 2 from where it can be seen that the samples contained only very low amounts of hydrogen and nitrogen and 3-4% oxygen. N375 had a somewhat higher oxygen content than N339. After oxidation, both the oxygen and nitrogen contents increased significantly. Sulphur was not detected in any of the samples.
The acid and base neutralisation capacities of N375, N339 and N339ox are also listed in Table 2 . These show that the concentration of acid surface groups was lower, and the concentration of base surface groups higher, on N339 relative to N375. The lower concentration of acid groups on N339 is consistent with the lower oxygen content of this sample and the weaker FT-IR bands. After oxidation, there was a considerable increase in the base neutralisation capacity, which is consistent with the higher oxygen content of N339ox in comparison with either N339 or N375. It was also found that oxidation of N339 resulted in a significant increase in acid neutralisation capacity. The extent of surface corresponding on average to one surface acid or base group was estimated by substituting n ads in equation (3) by C A or C B . For N375, these areas were 2.8 nm 2 (acid) and 8.8 nm 2 (base); for N339, the areas were 4.1 nm 2 (acid) and 6.7 nm 2 (base); and, for N339ox, the areas were 0.2 nm 2 (acid) and 1.7 nm 2 (base). With the exception of the acid sites on N339ox, these values are significantly greater than the cross-sectional areas of the solutes used in this work which, on the basis of molecular models, were ca. 0.5 nm 2 for phenol and 0.7 nm 2 for 4-nitrophenol.
Characterisation of the surface ionisation of carbon blacks
The values of the points of zero charge listed in Table 2 show that the unmodified carbon blacks both had pH pzc values close to 9. This is consistent with the low oxygen content of these samples and the absence of strong acid groups, as indicated by the FT-IR spectra. As expected, oxidation made the samples acidic (with pH pzc values of 2.9).
The mass titration curves determined on N339 and N375 are indicated by the filled circles in Figures 2 and 3 , respectively. The curves in these figures were calculated using a method similar to that used previously, in which it is assumed that the carbon black surface can be modelled by considering acid sites, HA, and basic sites, BOH, which ionise according to the following equilibria (Carrott et al. 1997 (Carrott et al. , 1998 :
and are characterised by acid and base equilibrium constants defined by: 2 . Mass titration curves for N339. The filled circles correspond to the experimental data, the solid lines are the simulated curves using the values of C A , C B , pK a , pK b and pH pzc given in Table 2 , while the dotted lines are similar simulated curves but with the value of C B increased by 1.5-times.
with:
(8)
where C A and C B are the base and acid neutralisation capacities in mmol/g units and m is the mass percentage of solid. The concentrations of the solution-phase and solid-phase species are indicated as [ ] and { }, respectively (Healy and White 1978; Schindler and Stumm 1987) . Taking into account that the solutions also contain cations, M + , and anions, X -, from the supporting electrolyte or the added acid or base, and assuming that there is no specific adsorption of these ions, the charge balance is:
Combining equations (6) to (10) then gives: 3 . Mass titration curves for N375. The filled circles correspond to the experimental data, the solid lines are the simulated curves using the values of C A , C B , pK a , pK b and pH pzc given in Table 2 , while the dotted lines are similar simulated curves but with the value of C B increased by 1.5-times.
The solid lines in Figures 2 and 3 were calculated from equation (11) using the experimentally determined acid and base neutralisation capacities listed in Table 2 . The values of K a and K b were adjusted to reproduce the experimental pH pzc values, determined separately as explained in the Experimental section and listed in the same table. Considering the approximations inherent in the model and the fact that only two parameters, K a and K b , were adjusted, the fits are quite reasonable. On the other hand, an even better fit may be obtained by increasing the value of C B . As an example, the dotted lines in Figures 2 and 3 were calculated using a value for C B which was 1.5-times the acid neutralisation capacity with the same values of K a and K b as used for the solid lines.
It was not possible to measure the mass titration curves for the oxidised samples. However, in the case of N339ox, it was possible to reproduce a pH pzc value of 2.9 using the experimental values of C A and C B given in Table 2 , maintaining the same value of pK b estimated for N339 and only varying the value of pK a .
The estimated values of K a and K b in the form of pK a and pK b are given in Table 2 . For both non-oxidised samples, the pK a values were 10.7. This is consistent with the presence of weak acid groups, such as the phenolic groups identified by FT-IR spectroscopy, and with the absence of strong acid groups such as carboxyl groups, which were also absent from the FT-IR spectra (Leony-Leon and Radovic 1994). The pK b values for the two samples were similar (6.2 and 6.7 for N339 and N375, respectively) and show that the basic groups were stronger than the acid groups. This is the reason why the points of zero charge occur in basic solution even though the base neutralisation capacity (C A ) is higher than the acid neutralisation capacity (C B ) for both samples. The slightly higher value of pK b for N375 may be due to the higher base neutralisation capacity. Acid surface groups tend to reduce the electron density in the delocalised π-orbitals of the graphene planes or in the lone pair orbitals of carbonyl or other basic surface groups, thereby making them less basic (Radovic et al. 2000) . For the oxidised sample N339ox, the value of pK a obtained was 3.8 which is consistent with the presence of stronger acid groups which are likely to be formed during oxidation. pH pzc , not only is the net surface charge close to zero, but the concentration of localised charges is also very low. In the case of N339ox, on the other hand, the concentrations of localised positive and negative charges are high even at pH pzc where {B + } = {A -} ≈ C B ≈ 0.09 mmol/g. On the basis of the experimental values for pH pzc , it is possible to identify the mean surface charge at the values of pH used for the adsorption studies to be discussed in the following sections. These are given in Table 3 , from where it can be seen that the mean surface charge of the nonoxidised samples was always positive except at a pH value of 10. On the other hand, for the oxidised samples, the mean surface charge was always negative except at a pH value of 3.
Adsorption of 4-nitrophenol
Representative adsorption isotherms are shown in Figure 5 , with the values of n F , K F10 and K Fg obtained by applying the Freundlich equation to all of the isotherms being listed in Table 4 . It can be seen that very similar results were given by the three samples, except that N339 exhibited a slightly higher adsorption over the range of concentrations studied due to its slightly higher surface area. The results obtained with the cork-based activated carbons are summarised in Table 5 .
The values of n F , K F10 and K Fg determined at pH 3 for each carbon black sample were slightly lower than those determined at pH 5 or pH 7, although the differences in most cases were fairly small. On the other hand, adsorption at pH 10 was significantly different. The much lower values of n F and K Fg obtained at this pH value indicate a weaker adsorption affinity and a very much reduced capacity towards the removal of 4-nitrophenol from very dilute solutions. Generally similar behaviour is commonly found with microporous activated carbons and has been attributed to electrostatic repulsion between the negatively charged surface and the negative 4-nitrophenolate ion. It can be seen from Table 3 that, in the present work also, both the surface and the solute were negatively charged at pH 10. However, the same was also true for N375ox at pH 7. In fact, in comparison with N375 or N339, for example, the surface charge is likely to be higher in this case due to the higher concentration of acid groups formed during oxidation. A significant difference between the experiments at pH values of 7 and 10 is that, in the former case, 4-nitrophenol was only ca. 50% ionised, whereas at pH 10 it was almost completely ionised. The fact that the values of n F and K Fg for N375ox at pH 7 were not very different from the other values at pH 3, 5 and 7 listed in Table 4 is probably due to a preferential adsorption of the un-ionised 
form of the solute whose strength was sufficient to drive the solute ionisation equilibrium completely to the side of the un-ionised form. Other effects of solute ionisation have been discussed in detail by other workers (Haghseresht et al. 2002) .
Oxidation of N375 appears to have led to a decrease in the adsorption affinity (lower n F value) and capacity to adsorb from very dilute solutions (lower K Fg value). However, the effect was fairly 836 P.J.M. Carrott et al./Adsorption Science & Technology Vol. 26 No. 10 , with open symbols being the data obtained at pH 3 and filled symbols being the data obtained at pH 10; solid lines correspond to curves calculated using the values of n F and K F10 listed in Table 4 . small and was certainly much less than that caused by increasing the pH value to 10. It is also interesting to note that both oxidation and a change in the pH value only resulted in relatively small variations in the values of K F10 , indicating that the overall adsorption capacity was not altered to a very great extent. A mean molecular area close to 0.6 nm 2 , which is slightly lower than the value estimated from molecular models, may be calculated by substituting the value of n ads in equation (3) by the K F10 values. Hence, assuming a horizontal orientation, the K F10 values correspond to the formation of about one closely packed statistical monolayer. This suggests that the adsorbed 4-nitrophenol molecules did not interact exclusively with the surface groups but were adsorbed principally on the exposed graphene surfaces by means of non-specific dispersion interactions and possibly, as other authors have suggested, π-π interactions between the delocalised πor π*-orbitals of the solute molecules and the solid surface (Dabrowski et al. 2005; Mattson and Mark 1971; Moreno-Castilla 2004; Radovic et al. 2000) . The values of n F and K Fg obtained for N339 were somewhat higher than those obtained for N375, indicating a higher adsorption affinity which may be due to a higher graphene layer charge density in the former case, as suggested above.
On comparing the results obtained with the carbon blacks with those listed in Table 5 for microporous activated carbons, it can be seen that the values of K F10 and K Fg obtained with the carbon blacks were approximately an order of magnitude lower than those obtained with the physicallyactivated cork. This difference is at least partially due to the much higher extent of the surfaces of these activated carbons, which had BET areas which were 6-10-times larger than those of the carbon blacks. On the other hand, the sample with the highest surface area, viz. C8.750-48.CO 2 , was not the one which gave the highest values of n F and K Fg , indicating that the extent of the surface cannot be the sole factor determining the extent of adsorption.
We suggested in previous work that increased adsorption energy in micropores is one of the main reasons for the higher adsorption found with narrower-pore physically-activated carbons, in comparison with wider-pore chemically-activated samples . The absence of a very large effect after oxidation of the carbon blacks provides some additional evidence that surface polarity is probably not the major factor which influences the adsorption. Furthermore, comparison of the n F values as undertaken here provides additional evidence for the importance of the micropore-narrowing effect, namely that the n F values obtained with the physically-activated cork (1) and (2). b Units of K F10 are mmol/g and of K Fg are (mg/g)/(mg/ᐉ) 1/n . samples were significantly higher than those obtained with the non-porous carbon blacks. In fact, sample C8.750-30.H 2 O, which had the smallest micropore size, gave an n F value which was approximately twice that given by the carbon blacks, despite the similarity in the values of their points of zero charge. This difference clearly indicates a stronger adsorption affinity in narrow micropores. This effect is very well documented in the case of adsorption from the gaseous phase (Carrott et al. 1987; Rouquérol et al. 1999 ), but appears to have received less consideration in the case of the adsorption of solutes from the aqueous phase.
Adsorption of phenol
Representative adsorption isotherms for phenol are shown in Figure 6 , while the values of n F , K F10 and K Fg , obtained by applying the Freundlich equation to all the isotherms except those at pH 10 and on N339ox (to which the Freundlich equation could not be applied), are given in Table 4 . Analysis of the results shows some similarities between the behaviour of phenol and 4-nitrophenol.
However, there are also some significant differences. The most remarkable feature of the isotherms depicted in Figure 6 is the behaviour observed at a pH value of 10. The isotherms are no longer Freundlichian but are convex in relation to the C e /S axis, while the adsorption, instead of being less than that in neutral or acid solution, is significantly enhanced. This behaviour is almost certainly due to oxidative coupling, or oligomerisation, of the phenol molecules. Phenol is much more prone to oligomerisation than nitrophenols and, possibly because anionic species appear to be involved, the reactions are more significant in basic solutions (Vidic et al. 1993) .
The isotherms of N375 and N375ox at pH 3, 5 and 7 were very similar to those obtained with 4-nitrophenol. The corresponding values of n F and K F10 were slightly lower in most cases, indicating a lower adsorption capacity and affinity although the differences were relatively small. The values of K Fg were also lower. However, this was due to the much higher solubility of phenol. As a consequence, K Fg corresponded to a point significantly earlier in the isotherm. Overall, the results indicate that both the mechanism of adsorption and the orientation of the adsorbed molecules were the same for phenol and 4-nitrophenol.
On the other hand, the results in Table 4 for N339 show that phenol adsorption on this sample was different. Comparison of the adsorption of phenol and 4-nitrophenol onto N339 indicates that the adsorption affinity was lower for phenol (lower n F value), but that the overall adsorption capacity was greater (higher K F10 value). Exactly the same behaviour was also found for all the cork-based activated carbons listed in Table 5 , as was observed previously in studies with commercial activated carbons . Following ideas originally proposed by other authors (Mattson and Mark 1971) , it was concluded in these previous studies that the phenol molecule is oriented vertically during adsorption whereas the 4-nitrophenol molecule is adsorbed in a horizontal orientation. When adsorption occurs via a vertical orientation, fewer atoms of each adsorbed solute molecule interact with the surface so that the affinity is less, but the capacity is higher since each molecule occupies less space. An alternative explanation is that a small amount of oligomerisation occurred. This was certainly the case with the oxidised sample N339ox, where the uptake was much higher and the isotherm convex in relation to the C e /S axis. The difference between N339 and N339ox is surprising as other authors have reported that oligomerisation would be impeded by acid groups on the surface of activated carbons (Leng and Pinto 1997; Tessmer et al. 1997) . It is evident, however, that in comparison to the adsorption of 4-nitrophenol, that of phenol was much more sensitive to the nature of the surface.
CONCLUSIONS
The adsorption mechanisms of phenol and 4-nitrophenol by non-porous carbon blacks appear to be very similar to those with microporous activated carbons. Both adsorption processes were well described by the Freundlich equation over a range of equilibrium concentrations up to ca. 10% of the solute solubility. Other similarities include the weaker interaction of phenol and its greater sensitivity to the nature of the solid surface and the solution conditions. In particular, phenol appears to be more prone to oligomerisation under certain conditions. The results presented indicate that the solute molecules did not just interact with surface functional groups but were adsorbed directly onto the exposed graphene layers, with the strength of the interaction being influenced by the π-electron density of these layers.
The more significant differences between carbon blacks and activated carbons arise, on the one hand, because of the higher surface areas of the latter, which allowed higher adsorption capacities to be achieved. On the other hand, the adsorption affinity was significantly less for carbon blacks. This provided good evidence for a micropore-narrowing effect in the aqueous phase adsorption of phenolic compounds by activated carbons. The magnitude of the effect could be evaluated from the alteration in the value of the Freundlich exponent n F . Thus, for the adsorption of 4-nitrophenol by the carbon blacks, n F was ca. 5. On the other hand, for 4-nitrophenol adsorption by the activated carbon C8.750-30.H 2 O, this value was close to 10. To the best of our knowledge, this is the highest n F value reported in the literature for the adsorption of a mono-substituted phenol. However, in view of the very small micropore size of C8.750-30.H 2 O which was likely to have been similar to the size of the 4-nitrophenol molecule, this is not surprising.
